Though the lumbar disc syndrome is a costly and ubiquitous affliction, effective evaluation of the disease process has been confounded by major unaddressed methodological short falls. Prominent 
Though the lumbar disc syndrome-low back pain and radiolopathy caused by a herniated lumbar disc impinging upon an existing nerve-is a quite common affliction, the syndrome is uncertain on many accounts. Despite many retrospective surveys of varying detail [1, 2, 3, 4] no standardized etiology, diagnosis, therapy, or prognosis exists. Major unexplained variances in therapeutic response are not uncommon. Many patients live in continued distress despite, or perhaps partly because of, intensive therapeutic intervention. Although sustained inquiry over the years has profitably illuminated certain narrower details, more general methodological issues may have escaped deserved attention. Unfortuantely such neglect has frustrated many of the numerous efforts to treat and understand this widespread complaint.
Since the time of Hippocrates [5] observant physicians have treated sciatic attacks, speculated on their nature, and published many confused, fiercely stated, and often contradictory opinions. Not, however, until the 1934 inquiry of Mixter and Barr [6] did the process seem comfortably clarified. Significantly reported upon in that landmark paper were 11 sciatica sufferers in whom a subsequent surgical exploration revealed a ruptured intervertebral disc impinging upon a compromised nerve root. Aside from one postoperative death, secondary to a wound infection, removal of the offending disc afforded all patients considerable relief. Thus, provided with an understandable cause and an equally applicable cure, sciatica nosologically became the lumbar disc syndrome. (An older definition demarcating the anatomic boundaries of physical discomfort was conceptually replaced by a term implying a measure of etiological certitude.)
In the following years, encouraged by this belief that a widespread clinical manifestation was caused by a simple surgically correctable anatomical defect, operative techniques were progressively refined while adjunctive diagnostic procedures were greatly improved.
The appeal of this single, cohesive approach was soon altered by the problems of reality. Many patients with the syndrome were not helped by repeated surgery [7] and in some instances, the surgical explorations yielded negative findings [8] . Other etiologic alternatives became accepted explanations for the clinical syndrome. Against this backdrop of etiological and therapeutic uncertainty, the merits of conservative treatments were re-examined [9, 10] , and alternative surgical [11, 12, 13] and medical approaches including the efficacy of Chymopapain [14, 15] and steroids [16, 17, 18] , were considered.
Thus, the straightforward explanation provided by Mixter and Barr in 1934 is no longer straightforward and the lumbar disc syndrome remains confusing in etiology, diagnosis, and therapy. This essay is concerned with reasons for the persistence of the confusion.
REASONS FOR THE PERSISTENCE OF CONFUSION
The Difficulties of Investigation Considering the ubiquitous nature of the disease process [19, 20, 21] , research efforts have been surprisingly modest. Not over-estimating this inequity Nachemson has suggested while the next decade will see world-wide two billion low back sufferers, only 50 research scientists and 500 clinicians will scientifically investigate the problem [22] . Yet even these slim resources will not be maximized.
Divided Responsibilities One reason for this minimization is that prevailing professional arrangements and interest patterns are more the product of evolutionary fiat than rational plan. Since the lumbar disc occurs at a structural interface between bone and nerve, in North America major therapeutic responsibility for the syndrome is divided between orthopedic and neurological surgeons. Unfortunately [9] , epidemiological effort has been surprisingly modest [26] . While numerous risk factors at one time or another have been implicated-chronic lung disease [20] , sedentary occupations [27] , insufficient physical exercise [20] , full-term pregnancies [28] , tallness [20] , driving motor vehicles [29] [35] , (2) perineuritis and adhesions about the nerve root [36] , (3) the effects of strain and movement [37, 38] , (4) bony narrowing of the vertebral canal [3, 7, 39] , (5) bony narrowing of the intervertebral foramen [40, 41] , (6) ligamenta flava hypertrophy [42, 43] , (7) multiple sclerosis [44, 45] , (8) spinal tumor [46, 47] , (9) peripheral damage to the sciatic nerve [48] , and (10) 3. Extrapolation Unfortunately, the difficulties just cited often impair the validity of commonly used research tactics. Frequently, for instance, researchers seek to establish a patient study group that is homogeneous as possible-usually young, healthy people without previous surgery, psychiatric complaints, or compensation aspirations. A problem occurs, however, when the results of therapy, directed toward this relatively pure group, are extrapolated to the very diverse general population being treated for the lumbar disc syndrome. Steroid injections may not, for instance, be helpful in a 20-year-old athlete with an acute tear of the annulus fibrosus, but might benefit a 60-year-old chronic sufferer with a slightly protruded hard disc and significant osteoarthritis [16] .
Difficulty of Diagnostic Validation
Because of these difficulties, the establishment of a uniform standard of diagnosis assumes added desirability. However Unfortunately, the accuracy of such studies often hinges upon procedural issues and the skill of the investigator undertaking the examination [53, 54] . Similarly, even in optimal studies, intrinsic observer variability can confuse results [55, 56, 57 ]-a danger exacerbated by the occasional presentation of vague or imperfectly stated clinical information to the responsible neuroradiologist. Likewise, radiological judgements are often conceptually made in a "yes or no" fashion, rather than in a more appropriately scaled system. Considering such difficulties, it is no wonder that the sensitivity and specificity of currently performed diagnostic procedures are imperfect [44, 58, 59, 60] .
Moreover, the major morbidities accompanying such invasive diagnostic procedures [61, 62, 63] Let us, for example, examine two hypothetical groups of sciatica sufferers. A "true herniated lumbar disc" is present in fifty percent of each group. Group A will be initially treated with an intensive prolonged course of conservative therapy, while group B will receive only minimal conservative therapy.
In group A, the intensive initial conservative therapy will "cure" a relatively great number of patients. As per convention, all such cures will be tabulated as successfully treated lumbar disc herniation, even though this "cure" group will contain a large population without true lumbar disc disease. Thus, the number of herniated lumbar disc sufferers will be over counted. The remaining group of non-responders will have a high proportion of true herniated lumbar discs-say 90 percent. The index of validity of myelography and of surgery will thus be high in this latter group.
In group B, however, initial conservative treatment was quite minimal so only a few cures occurred. Since proportionally fewer non-herniated disc patients were weeded out, the remaining group of non-responders will be composed of, say, only 60 percent "true herniated lumbar disc" victims. Thus, the index of validity of myelography and of surgery will be lower in this group than in group A (at the cost, since surgery was delayed, of somewhat prolonging nerve root compression). On the other hand, since more patients in group B received the additional "tests" of myelography and surgery, fewer patients will be misdiagnosed as compared to Unfortunately, this form of diagnostic validation is not without its difficulties. For instance, the position of the disc as viewed at surgery may not reflect its constant location [64, 65] . Considering the general flexed prone operative position most surgeons employ and the well-known alteration in interdiscal pressure in response to body posture [66] , such an hypothesis is not without its logic (Similar alterations may also confound diagnostic procedures.) In such circumstances, many would argue that a natural, often unaware, human tendency exists among surgeons to upgrade pathological processes discovered at surgery; turning, for instance, a "slightly bulging" disc into a "protruding" one. These tendencies are increased by the delay between the time of observation and the time of dictation of that observation.
Similarly, the well-known observer variability frequently described among pathol-ogists [55, 56] and radiologists [57] However, implicit in the raison d'etre of the clinical examination is the assumption that the individual physician has internalized an exact range of normal and abnormal which approximates the notions of his colleagues. Yet since in large measure such notions are fashioned by contact with one's peers and mentors rather than by reference to some absolute standard, the peculiarities of different training backgrounds might be expected to cause a disparity in the internalized view of normal. (Actually the range of normal, especially as influenced by age, may vary more than many physicians routinely suppose. For instance, some evidence indicates that ankle jerks may become markedly less brisk with age [68] , while in the general population rather large variations of strength can normally occur between the lower extremities [69] .) Moreover, such difficulties are compounded by confusion over scaling of abnor-mal results. Often, for instance, the boundaries between a +2 or a +3 ankle jerk are only generally defined and indeed may reflect the unnamed personal system of the examining physician. Similarly, individual physicians may display differing degrees of energy and skill in conducting examinations while common distorting factors such as variance in drug dosage, physiological status, patient cooperation, and pain may skew examined populations.
Furthermore, several particular patient subgroups are but poorly followed with neurological and clinical exams. Obviously, for instance, other adjunctive follow-up techniques must be relied upon for the many patients whose positive symptoms rather than signs provoked therapeutic intervention. Likewise, the neurological deficits caused by various co-morbid disease processes-thyroid dysfunction, alcoholism, diabetes, vascular disease, nutritional deficiencies-deflates the value of follow-up exam in a substantial patient population.
In view of these problems, the traditional clinical examination is clouded by unaddressed observer variability [70] and often by overt observer bias. Regrettably those physicians in charge of administering a particular therapy to a victim of lumbar disc syndrome are generally and inappropriately (from a scientific point of view) in charge of assessing procedural benefits.
2. EMG Because of the difficulties of neurological examination, other efforts to ensure proper follow-up have been undertaken-especially use of multiple EMGs. However, EMGs have major procedural and interpretation difficulties and are often either not performed or were negative prior to invasive therapy. Furthermore, EMGs seldom reflect subtle changes in function [22, 69, 71] .
3. Pain The inadequacy of suitable objective markers has placed much of the follow-up burden upon a subjective appraisal of pain alteration. Unfortuantely, because of compensation ambitions, secondary gain, psychological factors, differing physical activity levels, and varying drug usage, pain is a difficult variable to quantitate. Similarly, retrospective studies require patients implicitly to judge their pain state prior to the institution of a particular therapy-an often difficult task because of the "immediate" nature of pain.
4. Employment Patterns Many observers, aware of the subjective nature of pain appraisal, have used employment patterns as a therapeutic marker. However, the same general factors which confound pain appraisal trouble the utility of this tactic. Moreover, accumulating epidemiologic evidence [72, 73] hints at not fully delineated risk factors associated with different occupations. The tactics of identifying and discounting high-risk or low-risk occupations are not perfected.
PROPOSALS FOR IMPROVEMENT
The general difficulties just discussed are far from insurmountable considering the prevalence of the affliction and the number of diagnostic and therapeutic innovations at hand; careful attention to clinical research design and quantitation techniques should yield important future dividends.
Better Surveys and Analysis
Major advantages can be reaped from relatively simple attention directed toward research design, even in the more easily instituted retrospective studies. Ideally, randomized studies offer important advantages but the numerous frustrating difficulties in this direction should not stand in the way of maximizing validity with currently available resources. Explicit attention should be paid to the definition of which patients are being treated under the rubric lumbar disc syndrome. Some care should be undertaken not to confuse patients whose diagnosis has been made on a clinical basis with a population whose disease has been defined by more definitive tests or at surgery. From a statistical point of view, efforts should be made to assemble adequate numbers of patients, a difficulty often overcome by multi-center studies. Appropriate statistical techniques should then be used to evaluate gathered data-a task requiring some sophistication. When possible, prospective randomized clinical trials should be performed (as examplified by the recent studies comparing "placebo" disc injection with chymopapain [14] ).
For instance, as data accumulates in carefully selected circumstances (following myelographic identification of a herniated lumbar disc) it might be possible to conduct a randomized clinical trial of continued conservative therapy vs. surgical intervention.
Prognostic Stratification of Important Variables
Even from a retrospective point of view, one may study a relatively heterogeneous population and prognostically stratify the population according to important variables. Such variables could then be subjected to multivariate analysis and the most important associations identified. If every variable in the lumbar disc syndrome complex could be identified and followed, results would be of unimpeachable veracity. However, seldom is there "world and time enough" for such perfection. Differing authorities might choose to include any number of important variables such as psychological status or myelographic findings. However, a good argument can be made that age and degree of nerve root damage deserve special attention. Age Unlike many other variables, age is easily determined. Moreover, considering the well-known physiological alterations associated with disc age [42, 74] , it may broadly define an important variation in the presentation of the lumbar disc syndrome. In younger patients acute primary annulus fibrosus rupture and nerve root compromise are relatively more common. The process is often rapid and commonly reversible if treatment is instituted soon enough. On the other hand, the presentation of older patients is more likely to be blurred by co-existing morbidity factors, such as osteoarthritis and osteophytic overgrowth. Indeed, many such patients with a component of lumbar disc syndrome may actually be treated for lumbar stenosis and so statistically computed [3] . In this ,roup, because of the higher incidence of osteophytic difficulties, one would expect less benefit from chymopapain injection and, perhaps, more from steroids. Similarly, one would expect older patients to come forward less readily than younger sufferers because of more pressing medical problems and decreased activity requirements, and to require treatment appropriate to their relatively reduced life expectancy. Degree of Nerve Root Damage as Measured by Persistence and Intensity of Signs and Symptoms Similarly, it is well known that disc or bone impingement may irreversibly damage an involved nerve root [75] . Many laboratory experiments [76, 77] point to a definite pattern of loss and return of neural function in the fact of compression. Unfortunately from a prognostic point of view, this sequence of events in the clinical setting is somewhat blurred, perhaps because of the multitude of forces-ischemia, mechanical pressure, stretch insult-acting upon a compromised nerve root. However, it does seem that a correlation exists between the severity and persistence of signs and symptoms and the degree of neural damage, and thus outcome.
Better Diagnostic and Therapeutic Markers Improved Surgical Diagnostic Return Given the importance of surgical observation in the diagnosis of the syndrome, more attention should be directed in this area.
While good surgical technique is meant to maximize observations, standard, routine, and facile use of operating microscope besides aiding hemostasis and minimizing iatrogenic neural damage might also greatly enhance the diagnostic and prognostic function of surgery, especially in regard to the appearance of a compound nerve root.
Moreover, a common practice of intraoperative photography might be extremely useful as a validating tool. Additionally, measurement of the distance which the disc is judged to be, visually, clinically free of impingement and the intraoperative weighing of disc fragments might help to [78] . c. Quantitation of Muscle Strength As outlined by Weber [69] it is possible to outline rather precisely quantitative muscle strength by the use of built-in strain gauge transducers. With such an apparatus, the maximal amount of isometric force generated by a particular muscle group over a precise amount of time can be measured. Quality of Life Index Given the difficulty of both objective and subjective patient follow-up, another strategy is to extend post-therapeutic patient assessment to include a fuller inquiry into general life situations. Follow-up validity is enhanced by considering more numerous subjective variables. For 
